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subterranean mole-rats. Although temperature fluctuations in the burrow systems of
mole-rats are muted compared to the seasonal ambient fluctuations, there is still some
seasonality to the fluctuations (Bennett ef al. 1988). The foraging burrows of mole-rats
do not exceed depths of 30 cm and fluctuations in surface air temperature, influence soil
temperatures (Gates 1962; Jarvis 1969; Bennett ef al. 1988). Furthermore, Bennett ef al.
(1988) found marked seasonal differences in the mean burrow temperatures of mole-rats
occurring in mesic and arid habitats, while in the tropics little seasonality in burrow
temperature occurred. The presence or absence of seasonal temperature changes in the
burrows may be an important determinant in the onset of reproduction in seasonally
reproducing mole-rats (Bennett ez a/. 1988).

Another important indirect environmental cue is rainfall (Jarvis 1969).
Recrudescence of digging results from rainfall, the result of such excavation being
surface mounds of freshly displaced soil. The mole-rats extend their burrow systems and
this increases the opportunities for non-reproductive animals to disperse from their natal
colony to form their own colonies (Moolman ef ¢/. 1998). In addition, rainfall influences
vegetation growth, thereby affecting availability of food resources (Dennis & Marsh

11997),

Of all the environmental cues, photoperiod is perhaps the most commonly used
synchronising agent determining the breeding period of animals, as day length stays
constant from year to year (Karsch ef al. 1984; Gardiner ef al. 1999). Since mole-rat
species are subterranean most individuals are rarely, if ever, exposed to light. Individuals
of the blind mole-rat species (Spalax ehrenbergi), for example, only receive light
stimulus during winter, when they extend their burrow systems, pushing excavated soil to
the surface (Shanas & Terkel 1996). However, the light stimulus in winter would not be
enough for these animals if the development of their reproductive systen ware dependent
on it. It is necessary for females to be exposed to light stimulus in summer to determine
the onset of the reproductive process, to ensure that these animals would be able to breed
during the winter months. Light impulses are received during the summer period, thus
emphasising the importance of the mole-rat’s reproductive circannual rhythm (Shanas &

Terkel 1996; Shanas ef al. 1995).
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which can be correlated with environmental factors. The arid species (e.g. H. glaber)
enforces physiological suppression, exhibiting extreme socially induced infertility where
both non-reproductive males and females are physiologically suppressed from
reproducing (Faulkes ef al. 1990; 1991). Similarly C. damarensis exhibits physiological
suppression as well as behavioural inhibition in the non-reproductive females with
behavioural inhibition present in non-reproductive males (Bennett ef a/. 1994a; Bennett ez
al. 1994b; 1996). The mesic species (e.g. Cryptomys darlingi) practices behavioural
suppression, in which incest avoidance is solely responsible for the maintenance of
reproductive skew.

Mesic environments have frequent and predictable periods of rainfall and thus
cater for frequent dispersal opportunities. Colonies that occur in these areas are very
small, for example the Mashona mole-rat with a colony size of up to nine individuals
(Bennett er a/. 1997) and the common mole-rat colonies ranging from two to fourteen
individuals (Spinks ef al. 1997). Within these colonies it is of the utmost importance that
the method used for reproductive suppression be quickly discarded when the opportunity
for dispersal arises and the animals have the opportunity to procreate.

Until recently only the common mole-rat, C. & hotteniotus had been identified as
being a social mole-rat, displaying seasonal reproduction (Bennett ef af. 1991; Jarvis &
Bennett 1991; Spinks ef al. 1997). Spinks et al. (1997) suggested that C. A. hottentotus
displays a cyclical reproduction because of invading a seasonal habitat. The common
mole-rat occurs in the winter rainfall regions of the western and northern Cape Province.
Long-term mark and recapture studies, revealed that the common mole-rat occurs in
colonies of up to fourteen individuals and produces a maximum of two litters per annum
(late November through to January) (Jarvis & Bennett 1991; Spinks 1998). This pattern
of reproductive periodicity is typical of mammals, both surface dwelling and
subterranean, that occur in seasonal habitats (Page er a/. 1994; Mills e al. 1992; Kaplan
& Mead 1994).

The invasion of C h hotientotus into a seasonal, mesic habitat, which is
predominantly inhabited by solitary mole-rats may be explained as a survival strategy
that decreases or eliminates competition with other social mole-rat species and therefore

mcreases its own survival and reproductive success.
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The highveld mole-rat is phylogenetically closely related to the common mole-rat
(Faulkes ef al. 1997) and likewise, inhabits a seasonal habitat. According to Bennett et
al. (1999) and Jarvis & Bennett (1991) the change in temperature and rainfall due to
seasonality are important determinants of seasonal breeding in the solitary bathyergids. It
would seem that these same environmental cues are responsible for seasonal reproduction
in the common mole-rat that produce young during the southern hemisphere summer
when the soil is workable and the food resource is readily harvested. I suggest that the
highveld mole-rat uses the onset of the first rains during spring as a cue for dispersal and

mating and then produce young during the southern hemisphere winter months (May to

Tuly).

Ovarian histology
The presence of primordial, primary and secondary follicles serve as an indicator of
follicular development. According to Bloom & Fawecett (1962) primordial follicles are
more abundant within the ovaries of non-reproductive females. This trend was consistent
throughout the sampling period. The presence of primary and secondary follicles in both
reproductive and non-reproductive females suggest that the ovaries undergo normal
follicular development, supporting the assumption that non-reproductive females are not
sterile but only reproductively quiescent in that ovulation does not oceur. According to
Weir (1974) and Bloom & Fawcett (1962) most follicles in both reproductive and non-
reproductive ovaries do not survive maturation nor ovulation and degenerate to become
atretic follicles and is a feature common to all mammalian ovaries (Mossman & Duke
1973). My study on the highveld mole-rat revealed that reproductive females possessed a
higher follicular development, which leads to increased numbers of atretic follicles
present in the ovaries. Similarly, non-reproductive females displayed high numbers of
atretic follicles, which again supports the assumption made that the non-reproductive
females have functional and active ovaries.

According to Clarke (1981) and Gorman & Stone (1990), seasonally breeding
animals exhibit a regression of follicular development during the non-breeding time, thus
no secondary or Graafian follicles are present in the ovaries. However, Spinks (1998)

found that C. h. hottentotus shows follicular development during the non-breeding period

49



IVERSITEIT VAN PRETOR
VERSITY OF PRETOR
| R

UN 1A
UNIVE I A
W YUNIBESITHI YA PRETORIA




ol
@, UNIVERSITY OF PRETORIA
Qe YUNIBESITHI YA PRETORIA

w UNIVERSITEIT VAN PRETORIA

-

reproductive females, they also exhibit very thick uteri as well as placental scars or
foetuses. In contrast, the non-reproductive female ovaries were small and smooth. The
uteri of the non-reproductive females are very thin and have a flaccid appearance.

In seasonally breeding mammals, temporal changes in the ovarian and uterine
dimensions occur. An increase in ovarian size, mass and volume of reproductive females
during the breeding season has been found in the European rabbits, Oryctolagus
cuniculus, com mice, Calomys musculinus and the red giant flying squirrels, Petaurista
petaurisia (Boyd & Myhill 1987; Mills ef al. 1992; Lee et af. 1993). Spinks (1998) found
a similar trend in the common mole-rat, C. 4 hotfentotus, where reproductive females
showed an increase in ovarian mass and volume during the breeding season. The higher
level of follicular development in the reproductive females correlated to a higher ovarian
mass.

The present study shows that at the peak of the breeding season in the highveld
mole-rat a large number of foetuses are present and the ovaries attain the greatest mass,
due to the presence of large corpora lutea filling the stroma. Closer examination of the
data reveals two subtle peaks in the mean number of corpora lutea present, occurring
during June and September, which suggests that the highveld mole-rat may have the
potential to produce two litters within a breeding season. The ovarian volume verifies the
results of the ovarian mass, showing a higher ovarian volume in June, however, a second

peak cannot be readily discerned.

Female hormones

Peaks 1n plasma oestradiol 178 concentrations occurred in April and May, indicative of
enhanced follicular development at the beginning of the breeding season. Oestradiol
concentrations for the reproductive females drastically decreased for the remainder of the
breeding months. Whereas, progesterone concentrations, showed an increase within these
months indicating ovulation or pregnancy. During pregnancy a lack of follicular
development was observed in the highveld mole-rat, unlike that observed in the Cape
porcupine (Hystrix africaeaustralis), where the number of large follicles increased with
an extension of the gestation period (Van Aarde & Skinner 1986) and in the plains

viscacha (Lagostormus maximus), where follicles develop throughout pregnancy to
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testosterone concentrations a month prior to each of the two prominent reproductive
months {July and September).

The approaching breeding season may result in increased aggression (due to high
testosterone concentrations and reproductive competition) between males as they
compete for the exclusive right to breed with the reproductive female or newly acquired
females. The increase in testosterone occurs twice, just before each of the reproductive
peaks found in the reproductive females. Presuming higher aggression between all the
sexually mature males in a colony, with an increase in testosterone approaching the
breeding season, I suggest that competition occurs twice between males for the right to be
the breeding male. Further, I suggest that this might be because of no distinct dominance
hicrarchy found within the highveld mole-rat colonivs (Muulman er a/. 1998), which

might lead to continuous competition for being the breeding male.

The importance of rainfall

The highveld mole-rat occurs in the summer rainfall regions in the highveld of South
Africa. The rainfall data obtained from the South African Weather Bureau indicates that
the months during which single animals were caught coincides with the months in which
rainfall occurred. Thus, it is possible that these animals disperse towards the last months
of the breeding season (September/October), right through to the beginning of the next
breeding season {April), using rainfall as a cue for dispersal. Dispersing during the wet
period, when the soil 1s workable, will optimise the distance over which these animals
will be able to dig and minimise the energetic costs associated with burrowing (Jarvis &
Bennett 1991). Food is readily available during the wet period and is not seen as a
limiting factor.

Thus, 1n conclusion 1 suggest that the highveld mole-rat is a seasonal breeder,
with a proposed breeding period lasting from April up to the end of December, with no
reproductive activity during January, February or March. In addition a proposal is made
that two litters are born during the breeding season in May/July and September.

Dispersal occurs with the onset of the first rains in September/October and
continues up to the beginning of the breeding season in April/May promoting the

establishment of new colonies.
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To define the nine relative age classes, the cheek tooth wear and eruption patterns
were assessed for the upper right row of each individual’s upper jaw, as described by
Taylor et al. (1985). This method did not prove to be viable in most instances, since a
number of skulls had teeth missing from the right upper row, thus the left upper row of
teeth were also used to determine wear and eruption. According to Taylor ef al. (1985)
there are no differences in eruption and wear between the upper and lower jaws or
between the left and right sides. To exclude any bias, the skulls were aged without prior

knowledge of the individual’s reproductive status or sex.
The age classes are described as follows:

Class 1
Only two cheek teeth are completely erupted with a cavity where the third tooth is about
to emerge. The dentine is not scooped and there is little sign of wear on the teeth. Very

deep grooves are found on the tooth surface. The cusps are narrow and curved (Plate 1).

Class 2

Three completely erupted cheek teeth are present. The first two teeth show little signs of
wear, whereas the third tooth shows none. The dentine is not scooped and the diameter
of the cusp 1s narrow. The cusps are rounded and very deep grooves are found on the

tooth surface (Plate 2).

Class 3

Three erupted cheek teeth are visible, with a very small cavity where the fourth tooth will
originate. The dentine of tooth number one is slightly scooped. The cusp of the first tooth
1s slightly flattened but the cusp diameter of all the cheek teeth is narrow. Deep grooves

cover the tooth surfaces (Plate 3).
Class 4

Three completely erupted cheek teeth are visible, with the fourth one starting to surface.

The dentine of tooth number 1-3 is barely scooped. The cusps of all three teeth are
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18. AFA: Articular facet to the middle of the angular process.

19. MRH:  Mandible-ramus height, from dorsal edge of coronoid process to ventral
edge of angular process.

20, Ul Upper jaw incisor length, measured from the tip of the incisors to the base,
where the teeth connect to the skull.

21. LI Lower jaw incisor length, measured from the tip of the incisor to the base,

where the teeth connect to the skull.

After data screening it was decided that only age class 6, 8 and 9 from Pretoria
and age class 6 from Johannesburg could be used to determine sexual dimorphism. Since
only these specific age classes had the required number of males and females to prove the
analyses viable. This selection was subjected to one way analyses of variance (ANOVA)
(Zar 1984). Ideally, we would have preferred to include age class 8 and 9 from
Johannesburg to the analyses, but insufficient males hampered the analyses.

Further statistical analyses included a posteriori Student Newman-Keuls (SNK)
tests (Zar 1984) for maximally non-significant subsets (p<0.05, SNK). The analyses
were done separately for each location. Due to the absence of sexual dimorphism (See
results) males and females were pooled together for the SNK analyses. This univariate
analyses proved to be inconclusive and as a result of variation due to sex and age, the
data was examined using principal component analyses (PCA) and unweighted pair-
group arithmetic average cluster analyses (UPGMA) (Zar 1984).

Unlike univariate analyses, the multi-range tests, UPGMA and PCA enabled us to
analyse all of the age classes including the poorly represented classes in all four of the
localities. Both statistical tests were performed to visualise the data in such a way that
the broader pattern would be exhibited. The UPGMA cluster analyses proved to be
helpful in determining the groupings of age groups and the sexes. Once established that
no definite groupings of males and females existed, discriminant analyses were
performed to determine the groupings of the relative age classes. Canonical variates
analyses (CVA) of the age classes were done for each separate locality. All the analyses

were based on the 21 measurements taken for each individual. Standard statistics tables
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was demonstrated between a standard curve in ovine plasma and a pool of mole-rat
plasma with 0, 16, 32, 64 and 128 pg/ml of melatonin added (slope = 0.99, least squares
r’ = 0.99, p<0.05). The intra- and inter-assay coefficient of variation for the combined

assays was 7.7 and 10% respectively. Sensitivity of the assay was 4 pg/ml.

Statistical analyses

A Student t-test (Zar 1984) was used to determine significant differences between light
and dark within LD and SD respectively. The Student #-test was also used to determine if
there might be any significant differences between the pooled data for LD and SD. To
compare melatonin concentrations amongst zeitgeber time groups, an ANOVA with a
Tukey’s HSD post-test was performed (Zar 1984). All statistical tests were performed

using the statistical program, Statistica version 5.0™,

RESULTS

A normal, if weak, circadian rhythm of melatonin secretion in C. & pretoriae was
detected. Melatonin levels were generally significantly higher at night (Dark = 19.77 +
2.07pg/ml (n = 48) vs Light = 11.64 £ 0.86pg/ml (n = 47) (Student #-test, p<<0.001). The
difference between night- and daytime values was slightly less in SD (9.11, p<0.05) than
in LD (9.57, p<0.01) (Table 1). Melatonin secretion did not increase significantly 2 hours
after the onset of night (Figure 2a), with a value of 19.86 + 3.22pg/ml (n = 7) at T18 and
a value of 26.13 £ 4.40pg/ml (n = 8) at T20 in LD and from 8.13 + 0.58pg/ml! (n = 8) at
T16 to 1525 + 1.13pg/ml (n = 8) at T18 in SD (Fig. 2b). In addition the decrease in
melatonin secretion after the onset of night was not significant in either of the
photoperiods (Table 2).

The levels of melatonin at the time points for which differences might be
expected, namely ZT6 (8.88 = 0.52pg/ml in LD (n = 8) vs 9.25 + 1.08pg/m! in SD (n =
8))and ZT18 (19.86 = 3.22pg/ml in LD {(n = 8) vs 15.25 £ 1.13pg/ml in SD (n = §}), were
not significantly different (Fig. 3).
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